Package for a Semiconductor Device 

FIELD OF THE INVENTION 

The present invention relates to semiconductor packaging and more 
specifically to a device having an array of solder ball contacts and method of 
fabrication. 

BACKGROUND OF THE INVENTION 

The demand for reduction in size and an increase in density of electronic 
components has driven the industry to produce smaller and more complex 
integrated circuits (IC). These trends have also forced the development of IC 
packages having smaller footprints, higher lead counts, and better electrical 
and thermal performance. At the same time, these IC packages are required 
to meet accepted industry standards both for reliability and in form factors 
acceptable to the end user. Automated pick and place equipment of the end 
user requires robust standardized package form factors, such as that of 
molded plastic packages which have been familiar to the industry. 

In response to these issues the semiconductor industry has developed a 
number of different packages having an integrated circuit electrically 
connected to one surface of a substrate and an array of solder balls protruding 
from the opposite major surface of the substrate. In the broadest sense, the 
packages are referred to as ball grid array (BGA) packages. The solder balls 
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provide mechanical and electrical interconnection to the printed circuit board 
(PCB) or other form of external circuitry. Generally, the packages have a 
relatively small footprint due to contacts under the package rather than having 
leads extending from the package sides, and have lower inductance as a 
result of the wide, short ball contacts. 

One type of BGA package makes use of a somewhat rigid laminate 
substrate which is not unlike the materials and conductors used in PCB 
technology. Often these package substrates have multiple dielectric and 
conductor layers and have been used with large chip sizes and high pin count 
devices, but have found limited wide spread acceptance because the low 
interconnection density on the substrate results in a larger than desired 
package size. 

Another solder ball connected package is a chip scale package (CSP) 
wherein the footprint of the package is no more than 20 percent greater than 
the chip size. This type of device frequently includes photopatterned 
interconnections on a flexible dielectric film interposer which in turn allows a 
smaller package footprint. However, because chip sizes have decreased and 
the number of input/output connections has increased, these packages are 
limited in application to low pin count circuits. Moreover, because the footprint 
of the solder ball contacts and the package size are directly associated with 
the chip, standardization which is so important to the industry is not possible. 

A near CSP device, shown in Figure 1 , includes a flexible tape 
interposer 1 1 with a semiconductor chip 10 having bond wires 15 connected to 
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the first surface 1 1 1 of the interposer 1 1 and solder balls 13 attached to the 
second surface 1 12 of the interposer 1 1 . The back side of the chip is attached 
to the interposer by a chip attach adhesive 14 equal to or slightly larger in area 
than that of the chip. A molded thermosetting polymer 12 encapsulates the 
chip 10, wire bonds 15, and top surface 1 1 1 of the interposer. 

This over molded tape carrier package (TCP) satisfies the need for low 
cost assembly, high density patterned interconnections on the interposer, and 
a molded body which can meet industry standards. Further, this package 
allows for a variety of different chip sizes within the same package form factor. 
However, the device has suffered from less than optimum solder joint reliability 
which has restricted its temperature cycling capability. Solder connections in 
close proximity to both the rigid, low thermal expansion silicon chip 10 and the 
higher expansion plastic molded body 12 are subject to cracks 213 or 
intermittent failures after soldering the package 12 to a relatively high 
expansion printed circuit board 26, as shown in Figure 2. As the PCB 26 goes 
through thermal excursions, high levels of stress are placed on the solder 
joints in close proximity to the chip edges 210, and in turn, the stresses may 
result in cracks 213 at the solder ball interfaces to PCB or interposer. The 
relatively thin interposer 21 1 , typically in the range of 25 to 150 microns thick, 
offers little buffering from thermally induced stresses or from impact initiated 
mechanical stresses. Solder joints completely under the chip or those 
completely under the molded plastic body are subject to less stress as a result 
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of PCB thermal excursions than those near the chip edges where multiple 
stresses are concentrated. 

Thermal and mechanical stresses in semiconductor packages have 
been the subject of studies for years, and manufacturers consider the 
interactions of thickness, elastic modulus, and thermal expansion of dissimilar 
materials against manufacturing and other trade-offs in an attempt to avoid 
damage to components, particularly interfaces which are brittle and/or have 
low strength. 

There is a need in the industry for a robust, reliable small outline 
package having low inductance as offered by solder ball contacts, a 
manufacturing technology compatible with high volume and low cost 
processing, and a user friendly package outline. However, it is also desirable 
that the package be able to meet reliability and testing needs over the full 
range of environmental conditions as established by the industry. 

SUMMARY OF THE INVENTION 

A first embodiment of the invention is a semiconductor device. The 
device includes an interposer having two major surfaces. The first surface 
includes patterned metal conductors and bond pads, and the second surface 
includes an array of solder balls. The device includes a semiconductor chip 
having a top surface and a back surface, the back surface of the chip adjacent 
the interposer, and the top surface including a plurality of terminals. Also 
included is a layer of polymeric material disposed on the first surface of the 
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interposer covering the area of the interposer over the solder ball array, at 
least a portion of the polymeric material layer is between the chip and the 
interposer. The device further includes a plurality of electrical connections 
between the chip terminals and the bond pads on the interposer. 

Another embodiment of the invention is also a semiconductor device. 
The device includes an interposer having first and second major surfaces, 
wherein the first major surface includes patterned metal conductors and bond 
pads and the second major surface includes an array of solder balls 
connected to selected pads on the first surface. The device also includes a 
semiconductor chip having top and back surfaces and has an area smaller 
than the area of the solder ball array. The back surface of the chip is adhered 
to the first major surface of the interposer, and the top surface of the chip 
includes a plurality of terminals located on the top surface. The device further 
includes a plurality of polymeric structures disposed on the first major surface 
of the interposer, each of the polymeric structures occurs over a solder ball 
location in the array of solder balls. The device further includes a plurality of 
electrical connections between the chip terminals and the bond pads on the 
interposer. 

Still another embodiment of the invention is a method for fabricating a 
semiconductor device. The method includes the steps of providing an 
interposer having first and second surfaces, the first surface including 
patterned metal conductors and bond pads, and the second surface including 
a plurality of solder balls; disposing on the first surface of the interposer a layer 
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of polymeric material having an area sufficient to cover the plurality of solder 
balls; providing a semiconductor chip having a top surface and a back surface, 
the top surface including a plurality of terminals; mounting the chip on the 
polymeric material; and connecting the bond pads on the interposer to the 
terminals on the chip. 

An advantage of the invention is this it helps mitigates stresses 
induced by differences in thermal coefficients of expansion, particularly at 
locations in a semiconductor chip package where a chip edge occurs over one 
or more solder balls. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a cross sectional view of a plastic encapsulated prior art 
package having solder ball external contacts. 

Figure 2 illustrates a prior art semiconductor package attached to a 
printed circuit board and the points of high stress concentration on solder 
joints. 

Figure 3a is a cross sectional view of the device having a relatively thick 
layer of a polymeric material covering the area of solder balls. 

Figure 3b illustrates the area of thick polymeric material on the 
interposer from a top view. 

Figure 4 is a cross sectional view of the device having two layers of 
polymeric material covering the perimeter defined by the solder ball array. 
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Figure 5a is a cross sectional view of the device having preformed 
polymeric material on the upper surface of the interposer atop each solder ball 
pad. 

Figure 5b is a top view of the package having polymeric structures 
encompassing the area of solder balls. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Figure 3a provides a cross sectional view of a first embodiment of the 
invention, a packaged semiconductor device 39 having improved solder joint 
reliability. The device 39 includes an interposer 31 , an array of solder balls 33 
on the second surface 312 of the interposer, a semiconductor chip 30 adhered 
to the first surface 311 by a relatively thick layer of polymeric material 34 and 
interconnected to bond pads 351 on the first surface 31 1 of the interposer by 
bond wires 35. The chip 30, interconnections 35, and first surface 31 1 of the 
interposer are encapsulated in a molded plastic 32 to form the package body. 

Within a specific package configuration, including the body size and 
solder ball arrangement, the device 39 can accomodate different chip sizes, 
but in each device the area of the chip 30 is smaller than that of the array of 
solder balls 33 and the interposer 31 . Solder balls 33 may be in a fully 
populated array across the interposer, including the area directly under the 
chip 30 and chip edges. Heretofore, efforts have been made to avoid placing 
solder balls under the chip edges where thermally induced stress 
concentrations are greatest. 
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In one embodiment, the interposer 31 is a flexible film having patterned 
metal conductors and bond pads 351 on the first surface 31 1 with connections 
(through vias for example) to selected solder balls 33 on the second surface 
312. In alternative embodiments, the interposer 31 comprises a laminate or 
composite material which is relatively thin with respect to the chip 30 and 
package body 32 thickness, and which may be distorted by thermal excursions 
of thicker components. 

The thick layer of polymeric material 34 (a chip attach adhesive, for 
example), in the range of about 75 to about 200 microns in thickness, covers 
not only the area under the chip 30, but in the preferred embodiment extends 
as a continuous layer over the complete area over the solder ball array. In 
Figure 3b, from a top view, the area covered by the polymeric material 34 is 
denoted by hatch marks and may be compared to the area defined by the 
underlying array of solder balls 33, to the interposer 31 , and to the chip 30. 
The area of chip 30 is smaller than the area of the solder ball array and the 
interposer. 

The joints of solder balls 33 to the interposer 31 , as well as those which 
will be attached to a PCB (not shown), are protected from high concentrations 
of thermally and mechanically induced stresses by the thick layer of polymeric 
material 34 adhered to the first surface 31 1 of the interposer. The stresses at 
solder balls 333, those balls under or near the edges of the chip 30, are 
particularly mitigated. 
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The polymeric material 34 having an elastic modulus in the range of 
about 1 to about 15 GPa is preferably thermally conductive thermosetting 
adhesive, such as a compound of an epoxy resin filled with an inorganic 
particulate material. Thermal conductivity of the polymeric material is 
enhanced by the addition of particulate fillers, such as alumina. The polymeric 
compound may be in the form of a paste, or may be a film of a "B" staged 
epoxy resin. 

The polymeric material 34 is applied to the interposer 31, completely 
covering the area of the array of solder balls 33 on the opposite side of the 
interposer. The chip 30 is aligned and placed on the interposer 31, and the 
assemblage subjected to a thermal or other process to solidify the polymer 
and adhere the chip. 

Preferably, electrical connection between the chip 30 and bond pads 
351 is made by gold bond wires 35. However, the device is not limited to wire 
bonding, but TAB or other conductive tape interconnections are applicable. 
The chip 30, bond wires 35, and first surface of the interposer 311 are 
encapsulated by molding in a thermosetting polymeric compound 32 to form 
the package body. Solder balls 33 are aligned to the second surface of the 
interposer and electrically and mechanically connected by a solder reflow 
process. 

In another embodiment, as illustrated in Figure 4 the device 49 includes 
two or more layers 441 ,442 of polymeric material which covers the area of the 
interposer 41 over the array of solder balls 43. Preferably, a thermally 
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conductive, electrically insulating layer 441 is placed in direct contact with the 
first surface 411 of the interposer 41 to cover patterned interconnections and 
prevent shorting. A metal filled, electrically, as well as thermally conductive, 
polymeric adhesive 442 is superimposed on the first layer 441 . The first 
electrically insulating layer 441 may be a preformed film of polymeric material, 
slightly larger in area than the array of solder balls 43 on the opposite side of 
the interposer. The top layer 442, preferably of a metal filled polymer, provides 
improved thermal conductivity and heat spreading across the package, as 
compared to most insulating polymeric compounds. 

Another embodiment of the device 59 having reliable solder joints, 
shown in Figure 5a, includes an interposer 51 having an array of solder balls 
53 on the second surface 512, and a semiconductor chip 50 attached to the 
first surface 51 1 . A plurality of individual polymeric structures 543, chip attach 
adhesive for example, are positioned over and encompass the area of each 
solder ball 53 on the opposite side of the interposer 51 . The structures, about 
75 to about 200 microns in thickness, comprise a polymeric compound having 
an elastic modulus in the range of about 1 to about 15 GPa. 

The plurality of polymeric structures 543 mirroring the array of solder 
balls 53 may be disposed directly on the first interposer surface 51 1 , as shown 
from the top view in Figure 5b, or may be preformed on an insulating adhesive 
film 56 as shown in Figure 5a. The thick polymeric structures 543 mitigate 
thermally induced stress on solder joints by decoupling the solder balls 53 
from the rigid semiconductor chip 50, from the molded package body 52, and 
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from the printed circuit board to which the package will subsequently be 
attached. The optional thin layer of insulating film 56 sized to cover the area of 
solder balls 53 serves not only to support an array of preformed polymeric 
structures 543, but may also isolate the structures from conductors on the 
interposer surface 51 1 , thereby allowing the adhesive structures 543 to 
comprise either an electrically insulating or conductive polymeric compound. 

In each embodiment of the package described herein, the area of the 
chip 30 may differ within a given package size, but it is consistently smaller 
than that of the solder ball array and interposer. Solder balls may be arrayed 
across the bottom of the interposer, including the area directly under the chip 
edges. 

It will be recognized that modifications and variations in the design and 
method for making the semiconductor package having improved solder joint 
reliability will become apparent to those skilled in the art. Therefore, it is 
intended that the claims be interpreted as broadly as possible. 
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